Abstract Heavy alcohol use has adverse effects in women with HIV. We examined the association between changes in alcohol use (measured with Timeline Followback) and changes in antiretroviral therapy adherence (medication possession ratio) and viral suppression (HIV RNA), measured over 6-month intervals. Among women who were (1) non-adherent or not virologically suppressed and (2) infrequent binge drinkers or non-heavy drinkers at baseline, increasing drinking was significantly associated with lower odds of subsequently improving adherence or viral suppression (OR of becoming adherent of 0.90 in infrequent binge drinkers; OR of becoming suppressed of 0.81 and 0.75 in infrequent binge drinkers and non-heavy drinkers, respectively). Our findings suggest that for these women, increasing drinking may be a barrier to achieving viral suppression. Addressing this barrier by integrating proactive alcohol counseling strategies into routine HIV care may be key to improving viral suppression rates among women retained in HIV care.
Background
Despite advances in the treatment of HIV, CDC data from 2011 indicate that less than half of women living with HIV in the United States are engaged in care and less than onethird have achieved viral suppression [1] .Women with concomitant HIV infection and heavy alcohol use may be particularly vulnerable to worse HIV outcomes [2] [3] [4] [5] [6] [7] [8] . Data from the Women's Interagency HIV Study (WIHS) indicate that nearly half of women with HIV infection drink alcohol and between 12 and 24 percent drink[4 drinks/day or [7 drinks/week [9] . Heavy drinking has been associated with multiple harms, including increased burden of other HIV-associated chronic diseases [10] , impaired response to antiretroviral therapy (ART) [11] [12] [13] , decreased medication adherence [14, 15] , and increased mortality [16] . The consequences of heavy drinking for women with HIV infection have significant implications for clinical care and highlight the need to better characterize the relationship between alcohol use, a modifiable risk factor, and ART adherence leading to viral suppression, the single most important mechanism for slowing the progression of HIV infection [17] .
Multiple cross-sectional studies have documented a negative association between alcohol use and ART adherence [18] [19] [20] [21] [22] . Patients who drink heavily are more likely to be non-adherent to ART than patients who do not drink [14, 15, 18] . Drinking quantity at each drinking episode is also an important predictor of adherence, perhaps more important than drinking frequency [14] . Some researchers have found a dose-response relationship between alcohol Drs Nikita Barai and Anne Monroe contributed equally to this article.
& Anne Monroe amonroe4@jhmi.edu exposure and medication adherence, putting even moderate drinkers at higher risk of non-adherence than non-drinkers [14, 19, 20, 22, 23] . Drinking behavior is dynamic and varies over a lifetime, but there are limited longitudinal studies that demonstrate the impact of changes in drinking behavior on changes in ART adherence. There are also few studies that focus on women with HIV, who may be particularly vulnerable to the effects of alcohol [6, 24, 25] due to increased rates of psychiatric comorbidity, under diagnosis of alcohol use disorder compared to men, and greater difficulty accessing substance abuse treatment for a variety of social, economic, and cultural reasons [25, 26] .
In a 10-year study of alcohol use among women in the WIHS cohort, 85 percent of women with HIV infection remained non-drinkers or non-heavy drinkers, 3 percent remained heavy drinkers ([7 drinks per week), and 12 percent changed their drinking trajectory. Eight percent of HIV-infected women increased from non-heavy drinking to heavy drinking, while four percent reduced their heavy drinking to non-heavy drinking [27] . These changes in drinking behavior over time suggest that cross-sectional data may not be sufficient to truly capture the relationship between alcohol use and medication adherence. Lucas et al. examined the relationship between substance use, with illicit drug and alcohol use as a combined variable, and medication adherence in men and women over a 30-month period and found that 64 percent of participants who were using heroin, cocaine, or alcohol changed their substance use status at least once. These changes were associated with clinically relevant outcomes with respect to improved adherence, viral load suppression, and increased CD4 count in participants who became non-users [28] , thus underscoring the importance of understanding changing patterns of alcohol use in HIV-infected women and developing interventions that may reduce alcohol use and ultimately improve HIV-associated health outcomes.
This study aims to build upon the existing literature by describing the relationship between changes in alcohol use and ART adherence and viral suppression over 6-month intervals in a clinic-based sample of adult women living with HIV, using longitudinal rather than cross-sectional data. We hypothesized that increased alcohol consumption would be associated with decreased ART adherence and viral suppression.
Methods

Study Design and Subjects
We performed a secondary analysis of data collected in a randomized control trial (RCT) designed to test the effectiveness of a brief alcohol intervention delivered at an HIV clinic for HIV-infected women who engage in heavy drinking [29] . The brief intervention consisted of two 20 min face-to-face counseling sessions followed by a 5-10 min booster phone call. In addition to recruiting women for the RCT, we concurrently enrolled women from the same clinic into an observational cohort of women with HIV who did not have heavy drinking behavior at the baseline visit. This combined group of women was included in this analysis. Women were eligible to participate in the study if they had HIV infection, were receiving outpatient care at the Johns Hopkins HIV Clinic, were 18 years of age or older, were not receiving treatment for alcohol use disorder, and were not actively psychotic [29] . Women were enrolled between March 2006 and September 2010. Participants were recruited through several methods: clinic flyers advertising a health study, provider referral, waiting room recruitment, and review of drinking data obtained from an audio computer-assisted self-interview (ACASI) routinely administered to Johns Hopkins HIV Clinic patients at six month intervals.
The women in the RCT self-reported at-risk drinking behavior (defined as [8 drinks/week or [2 binge drinking episodes, defined as [4 drinks/occasion) in the past 6 months, or TWEAK score (five-item scale developed originally to screen for risk drinking during pregnancy) [2 [29] . Participants had assessments at study entry (0 months), 3, 6, and 12 months. Women in the observational cohort were interviewed at 0, 6, and 12 months. For this purpose of this analysis, we used data from the 0, 6, and 12 month assessments.
A total of 388 women were recruited into the two groups. To be included in this analysis, participants had to have at least two serial study visits and fill their prescriptions at the Johns Hopkins HIV Clinic Pharmacy. We excluded 25 women who presented for one visit only, 67 participants who did not use the Johns Hopkins HIV Clinic pharmacy, and 62 women who did not have both medication adherence and viral load data available at study visits. The final sample size was 234 women; 186 women participated in all three study visits and were included in the assessments of change between the baseline and 6 month visits, as well as between the 6 month and 12 month visits, and 48 women participated in two study visits and were included in one assessment of change between either the baseline and 6 month visits or the 6 and 12 month visits. There were no significant differences in age, race, CD4 cell count at baseline, or heavy versus non heavy drinking status in those excluded (N = 154) compared to those included (N = 234). There was a significant difference in baseline viral suppression, with women excluded less likely to be suppressed than those included (52 % suppressed among those excluded compared to 78 % suppressed among those included). One of our inclusion criteria was having pharmacy fill data from the Johns Hopkins HIV Clinic to calculate a medication possession ratio (MPR). The difference in the proportion suppressed between those included and those excluded likely reflects that fewer of the excluded women were using ART. The excluded women who were suppressed were likely using an outside pharmacy.
Independent Variable: Alcohol Use
Alcohol consumption was measured using the 90-day Timeline Followback (TLFB) assessment. The TLFB has been shown to be more reliable than other self-report alcohol use assessment tools and is particularly useful for capturing nuanced information about drinking behaviors [30] . The TLFB is a granular measure of drinking, capturing alcohol use over a period of calendar time by querying about daily drinking. TLFB data were summarized into number of drinking days in the 90 days preceding each study visit, number of standard drinks per drinking day, and number of binge drinking days in the 90 days preceding each study visit. Binge drinking was defined [4 drinks consumed in one day.
Outcome Variables: Antiretroviral Medication Adherence and HIV RNA
The outcome variables were ART adherence, defined as an MPR C0.8, and viral suppression, defined as HIV RNA\400 copies/mL. The MPR reflects the proportion of days in the 180 day period between assessments that a participant had medication in their possession (MPR = number of days patient had medication in their possession/180 days). We chose to use the MPR as the measure of medication adherence rather than self-reported adherence data, which was also collected as part of the study interviews, because it covered a larger time interval (6 months compared to the 2 week adherence data collected in the study) and because the MPR provides an objective measure of medication adherence. While the MPR has limitations, namely refill compliance may not be congruent with medication compliance, it has been validated as a meaningful proxy for medication adherence in patients with chronic disease [31, 32] . MPR data were derived from the Johns Hopkins HIV Clinic Pharmacy refill records and were calculated based on refill data for the backbone drug in each participant's ART regimen: either a protease inhibitor (PI), a non-nucleoside reverse transcriptase inhibitor (NNRTI), or an integrase strand transfer inhibitor (INSTI). HIV RNA was drawn at each study visit. The cutoff of \400 copies/mL for viral suppression was chosen because that was the lower limit of detection for the assay in a portion of the viral load assessments. Study flow is shown in Fig. 1 .
Additional Covariates of Interest
Additional covariates of interest included age, self-reported race, education, and income. Anxiety and depressive symptoms were captured at each interview with the Hospital Anxiety and Depression Scale [33] and were adjusted for in the analysis because they have been shown to influence both alcohol consumption and ART adherence. Drug use (cocaine, heroin, and marijuana) were assessed at each interview with the Risk Assessment Battery [34] . CD4 count was assessed with a lab draw at each visit.
Analysis
We used the reported number of standard drinks per drinking day and the reported number of drinking days in the past 90 days to calculate the average number of drinks consumed per week at each assessment. Women with an average of [7 drinks/week were categorized as heavy drinkers. Women with [3 binge drinking episodes in the 90-day interval were classified as frequent binge drinkers. The definitions of heavy drinking and binge drinking were based on the National Institute on Alcohol Abuse and Alcoholism (NIAAA) guidelines [35] . We stratified on heavy versus non-heavy drinking at the initial visit (baseline or 6 months) and modeled a unit change in the average number of drinks per week from the initial to subsequent visit (6 or 12 months, respectively). In an alternate model, we stratified on frequent versus non-frequent binge drinking at the initial visit and modeled a unit change in the number of binge drinking episodes from the initial to subsequent visit. Baseline characteristics were compared using t test (baseline age) or Chi square testing for categorical variables.
To measure the association between changes in alcohol use and ART adherence, we performed logistic regression analysis. To improve interpretation of our results, in models for the probability of being adherent, we stratified by adherence at the initial visit and in models for the probability of achieving viral suppression, we stratified by viral suppression at the initial visit. We further stratified models by heavy drinking at the initial visit when the independent variable of interest was change in drinks per week. We stratified models by frequent binge drinking at the initial visit when the independent variable of interest was change in number of binge days over the prior 90 days. This second level of stratification was used because we believed that the effect of changes in alcohol use might be modified by baseline alcohol use.
We used logistic regression (model form) which was fit using generalized estimating equations rather than maximum likelihood estimation to account for repeated measures [36] . Two different sets of regression models were used to look at adherence and viral suppression as outcomes. We adjusted all multivariable models a priori for the following covariates: age, depressive symptoms, and cocaine use. We adjusted for cocaine use since this has consistently been shown to be associated with worse medication adherence, compared with marijuana and heroin, which have not been consistently associated and were not statistically significantly associated with the outcomes in our models. We also included covariates in the multivariable models if the p-value for their univariate association with the outcome was \0.10.
Results
Sample Characteristics
Characteristics of the study population (n = 234 women) are presented in Table 1 stratified by heavy drinking classification at initial assessment. The women included in the analysis were predominantly African-American, with education level \12th grade. Women who were heavy drinkers were more likely to report lower annual income, more symptoms of anxiety, and substance use, including heroin, cocaine, and marijuana use, compared to women who were non-heavy drinkers at baseline.
Drinking Behavior
The dataset included 420 intervals during which change in drinking, change in adherence, and change in viral suppression were measured (these intervals include both the 0 to 6 month time period and the 6 to 12 month time period). Heavy drinking was documented at the initial assessment (0 or 6 month assessment) 19 % of the time and frequent binge drinking was documented in the initial assessment (0 or 6 month assessment) 26 % of the time. Drinking increased in 18 % of the intervals in which heavy drinking was initially reported, with a median increase of 14.2 drinks/week (IQR: 5.6, 28.2). Binge drinking increased in 23 % of the intervals in which frequent binge drinking was initially reported (median increase = 7 binge episodes, IQR: 4.9, 13.1).
Drinking decreased in 83 % of the intervals in which heavy drinking was initially reported (median decrease = -11.6 drinks/week, IQR: -24.4, -5.9) and binge drinking decreased in 74 % of the intervals in which frequent binge drinking was initially reported (median decrease = -10.7 binge episodes, IQR: -24, -5).Twentyfive percent of women who were non-heavy drinkers increased their average weekly alcohol consumption (median change 1.0 drink/week; IQR: 0.3, 3.7), and 16 % of women who were non-frequent binge drinkers increased their frequency of binge drinking days (median change 2 binge days, IQR: 1, 9).
Changes in Alcohol Use and Association with Art Adherence and Viral Suppression
Women were adherent to ART at 241 of 420 of the initial visits in each interval (57 %) and had a suppressed HIV RNA at 336 of 420 (80 %) of the initial visits. As shown in Table 2 (A), among women who were adherent with their medications and frequent binge drinkers at the initial visit, each additional binge drinking day was associated with a 2 percent increase in the odds of becoming non-adherent (OR 1.02, 95 % CI 1.00, 1.05). There were no statistically significant increases in the odds of becoming unsuppressed or non-adherent among women who were suppressed and frequent binge drinkers, adherent and heavy drinkers, or suppressed and heavy drinkers (OR of 1.01, 1.01, and 0.99, respectively). As shown in Table 2 (B), among women who were adherent or suppressed at baseline, and were infrequent binge drinkers, the association between an additional binge drinking day and becoming non-adherent or unsuppressed was not statistically significant (OR of 0.65 and 0.94, respectively). Among women who were adherent or suppressed and non-heavy drinkers, increasing drinking by an average of 1 drink per week was associated with increased odds of becoming non-adherent or unsuppressed (OR 1.05, 95 % CI 1.01, 1.08 and OR 1.03, 95 % CI 1.00, 1.07, respectively). Women were non-adherent to ART at 179 of 420 initial visits (43 %) and were unsuppressed at 84 of 420 (20 %) of initial visits. As shown in Table 3 (A), among women who were non-adherent with their medications and frequent binge drinkers at baseline, there was no statistically significant decrease in the odds of becoming adherent with increased drinking (OR 1.02, 95 % CI 0.99, 1.06). There were no statistically significant decreases in the odds of becoming suppressed or adherent among women who were unsuppressed and frequent binge drinkers, non-adherent and heavy drinkers, and unsuppressed and heavy drinkers (OR 1.00, 0.99, and 1.00 respectively).
As shown in Table 3 (B), the pattern was different among the women who were non-adherent or unsuppressed and infrequent binge drinkers or non-heavy drinkers. Among women who were non-adherent and infrequent binge drinkers initially, each additional binge drinking day was significantly associated with decreased odds of becoming adherent (OR 0.90, 95 % CI: 0.82, 0.99). Among women who were unsuppressed and infrequent binge drinkers, each additional binge drinking day was associated with decreased odds of becoming suppressed (OR 0.81, 95 % CI: 0.67, 0.98). Among women who were non-adherent and non-heavy drinkers, there no statistically 
Discussion
In this study of women living with HIV, women who were non-heavy drinkers at baseline, with either low adherence or unsuppressed viral load, were less likely to become adherent or suppress their viral load over time if they increased their drinking. However, an increase in alcohol use was not associated with poorer outcomes among all groups of women. In fact, women who were heavy or binge drinkers at baseline, with poor adherence or unsuppressed viral load who increased their alcohol use were neither more nor less likely to become adherent or suppressed. Our results suggest that increasing drinking has a more deleterious effect on women who are initially non-heavy drinkers. Our findings have implications for the treatment of women living with HIV engaged in care. In an era where the majority of individuals on ART, in care, achieve viral suppression [37] , alcohol remains a barrier to achieving suppression among those with suboptimal HIV control. We expected that more drinking would consistently lead to worse adherence and viral suppression, as prior studies have found a dose-response relationship between alcohol use and medication adherence [14, 19, 20, 22, 23] . For example, Tucker et al. [19] showed that compared to nondrinkers, moderate, heavy, and frequent heavy drinkers (self-reported alcohol use in the 4 weeks prior to the study interview) had increased odds of being non-adherent (selfreport) in the week prior to the study interview. The odds of non-adherence increased as drinking increased. Another study at our institution showed that compared to no drinking, hazardous alcohol use was associated with worse medication adherence in the two weeks prior to assessment [21] . Our analysis differs from prior studies as it has both a longer assessment of adherence based on objective measures rather than self-report and more fine-tuned measures of changes in alcohol use, which enhanced our ability to detect the effect of increases in alcohol use in those who are heavy drinkers at baseline.
One reason for the difference between our results and prior studies may be the longitudinal nature of our evaluation, which sought to understand the association between changes in alcohol use and changes in medication adherence and viral suppression over time. Women who engage in heavy or binge drinking at baseline and manage to maintain medication adherence may have developed an organizational strategy that allows them to better cope with increased drinking without a negative impact on self-care activities.
However, our findings among women without heavy or binge drinking may indicate that these women are more sensitive to the effects of alcohol and forget to take their medications or be more worried about potential drug-alcohol interactions when they increase alcohol use. Additionally, it is likely that in women with newly occurring heavy or binge drinking, alcohol may be a proxy for worsening psychiatric or social co-morbidities, such as depression, financial insecurity, or unstable housing, which have all been shown to influence ART adherence [2, 6, 7, 38] , and ultimately viral suppression.
Another interesting finding in our study was that fewer women were adherent (adherence noted at 57 % of the initial visits in each interval) compared to being suppressed (suppression noted at 80 % of the initial visits). This may reflect the increased potency of current antiretroviral therapy, allowing for suppression to be maintained despite less-than-perfect adherence [39] . It may also reflect that our adherence measure covered a 6-month interval while the viral suppression measure was based only on the viral load value at the study visit.
This study is notable for focusing exclusively on women living with HIV, who are an especially medically and socially vulnerable, but often understudied, population. Women living with HIV are significantly less likely to use HIV primary care services than male patients [8] and are more likely to have psychiatric and social co-morbidities, such as PTSD and intimate partner violence, than women who do not have HIV infection [2] . This leaves women living with HIV at high risk for at-risk alcohol use, medication non-adherence, and ultimately progression of disease. Indeed, the relationship between alcohol use and medication adherence and viral suppression demonstrates the very real clinical impact of changes in drinking behavior over time and highlights the importance of integrating proactive counseling strategies into routine HIV care. These strategies should be inclusive of women who do not have a history of heavy or binge drinking.
Implementing alcohol screenings and brief interventions in a primary care setting has been shown to reduce alcohol use in women with hazardous drinking [40, 41] and in women with co-occurring alcohol abuse and HIV-infection, namely the RCT from which our study data were derived [29] . There has been less emphasis, however, on counseling strategies that may prevent the development of alcohol use disorders all together. The results of this study indicate that it may be beneficial to develop brief preventive intervention strategies that target HIV-infected women without ongoing heavy or binge drinking as they may be particularly sensitive to the negative effects of increased alcohol use.
This study has several limitations. We relied on selfreport data for alcohol use, which may be subject to various biases. The TLFB method has been shown to be more reliable than other self-reported methods; however, participants likely underestimated their drinking behaviors [42] . We did not measure phosphatidylethanol (PEth), [43, 44] , an alcohol biomarker, which forms when a phospholipase enzyme acts in the presence of alcohol, which could potentially provide more accurate information regarding quantity of drinking. It is also difficult to compare our results to other studies due to variable definitions of heavy alcohol use and binge drinking in the literature.
While the MPR has been validated as a measure of medication adherence in chronic disease, it has several limitations. Filling a prescription at the pharmacy does not guarantee that the medications were taken correctly or taken at all. Using the MPR may introduce selection bias by including a more adherent sample as women without pharmacy data were excluded from the study. Additionally, it is not known whether women who chose to use a pharmacy other than the Johns Hopkins HIV Clinic Pharmacy may be more or less likely to be adherent due to factors such as convenience, institutional communication, or differing co-pays. We defined adherence as an MPR of [0.8, which has been validated in the literature on chronic disease [32] , but the optimal cut off for antiretroviral medications is less clear. Early antiretroviral medications required adherence of[95 percent to achieve viral suppression [45] , while newer antiretroviral medications are more forgiving [46] . We chose to use MPR data in our analysis, rather than self-reported adherence data, which was collected as part of the study interviews, because it covered a larger time interval (6 months compared to the 2 week data collected in the study).
This study aimed to understand the impact of changes in drinking behavior on medication adherence and viral suppression, but it is difficult to determine what constitutes a meaningful change in drinking behavior. Our definitions of a clinically significant change in drinking behavior were ultimately arbitrary and may not have been sensitive enough to capture the full impact. Finally, while we did account for many social and psychiatric variables. Future studies would ideally gather even more detailed information about covariates that are known to influence both alcohol use and antiretroviral adherence, such as housing stability, detailed mental health information, and long-term history of substance abuse [47] .
The intervention may have affected behaviors other than alcohol use (such as drug use) that influenced medication adherence that we could not account for in this analysis. Finally, the intervention may have affected ART adherence directly because the intervention included discussions of both general health topics and alcohol's effect on medication adherence, which may have influenced health behavior There was no effect of the intervention on medication adherence detected in the analysis of the RCT data [29] , however, the main trial was not fully powered to detect change in adherence. Another potential limitation is that at the time the study was conducted, viral suppression was defined as HIV RNA\400 copies/mL, which was the lower limit of detection of the assay at that time. The less stringent prior definition of viral suppression (compared with the current definition of \50 copies/mL) may have allowed women to appear suppressed with lower adherence.
We expected to find a uniformly inverse relationship between alcohol use and medication adherence, as well as viral suppression, but our results tell a more nuanced story. Women without a recent history of high-risk alcohol use may be most vulnerable to the negative impacts of increased drinking on antiretroviral adherence and viral suppression. These results call for further longitudinal research that examines the relationship between alcohol use and HIV-related health behaviors and outcomes, as well as research that explores the causes of increased alcohol use among women living with HIV and effective prevention strategies. In the meantime, the implications for clinical practice are clear: while clinicians tend to focus alcohol counseling on patients with ongoing hazardous alcohol use, it is important to consider preventive counseling with patients who do not yet have heavy alcohol use as they may be vulnerable to the negative effects of increased drinking.
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